f Among 1,341 blood samples from rodents that were trapped in Southeast Asia between 2008 and 2010, we found a prevalence of Bartonella infection ranging from 9.6 to 11.9%. Bartonella species identified (143 isolates) included B. elizabethae, B. coopersplainsensis, B. phoceensis, B. queenslandensis, B. rattimassiliensis, B. tribocorum, and three new putative Bartonella species.
B
artonella species are intracellular parasites of erythrocytes and endothelial cells of various mammalian host species, such as humans and wild and domestic animals, including rodents (5, 7, 14) . Bartonella infections in rodents have been reported worldwide (2, 4, 8, 10, 11, 16) . The objectives of this study were to investigate the prevalence and to evaluate the genetic diversity of Bartonella infections from a large series of blood samples from rodents and shrews that were trapped from two sites in Cambodia, two sites in Lao PDR, and three sites in Thailand (Fig. 1) . Pictures, habitat descriptions, and the coordinates of the trap lines are available at the CERoPath project website (www.ceropath.org).
Blood samples were collected by cardiocentesis and stored at Ϫ80°C before shipment on dry ice to the URMITE CNRS-IRD UMR laboratory in Marseille, France. Overall, DNA from blood samples (n ϭ 1,341) was extracted and screened using real-time PCR that targeted the 16S-23S rRNA intergenic spacer region (ITS), as previously described (12) . Blood samples were also tested by culture method on Columbia agar supplemented with 5% sheep blood and incubated at 37°C in 5% CO 2 for up to 4 weeks. A single colony for each positive sample was picked, its DNA was extracted, and the species was identified by using standard PCR amplification and a sequencing analysis targeting two housekeeping genes (gltA and rpoB) and the ITS fragment (9, 13) . The sequence data were aligned and compared with the sequences of the Bartonella reference strains, which were retrieved from GenBank (see Table S1 in the supplemental material) and analyzed using Clustal W. Phylogenetic analyses were conducted on concatenated gltA and rpoB sequences by using the MEGA 5 software and maximum parsimony method. The prevalence of Bartonella infections in the three countries were analyze using R statistical software.
Overall, of the trapped animals, 19 species of rodents and 2 species of shrews were identified. Bartonella spp. were isolated from 143 of the 1,341 (10.7%) blood samples. The highest prevalence of Bartonella spp. was found in Lao PDR (11.9%), followed by Thailand (11%) and Cambodia (9.6%) ( Table 1) . However, these differences were not statistically significant (chi-square test, all P values were Ͼ0.05). The prevalence of Bartonella infection varied among host species, from 1% for Maxomys surifer to 75% for Mus spp. (Table 1 ). Among the positive animals, species of the genus Rattus displayed the highest prevalence of Bartonella infection, followed by rodents of the genera Mus and Berylmys. Of the total 143 isolates from 140 animal blood samples, 3 samples contained multiple Bartonella species. Phylogenetic analyses revealed that the concatenated gltA and rpoB gene sequences could be classified into 9 clusters (Fig. 2, clusters A to I) . The phylogenetic tree suggests that 6 clusters (A, C, D, F, G, and H) are closely related to known Bartonella species, including B. queenslandensis (n ϭ 33), B. rattimassiliensis (n ϭ 42), B. tribocorum (n ϭ 11), B. elizabethae (n ϭ 7), B. coopersplainsensis (n ϭ 6), and B. phoceensis (n ϭ 1). Conversely, three clusters (B, E, and I) are associated with the three new putative species (Fig. 2, unknowns 1, 2, and 3) . The GenBank accession numbers for the nucleotide sequences of these new species are reported below in the text; accession numbers for identified species can be found in Table S1 of the supplemental material.
The presence of Bartonella infections in rodents has previously been reported in southeastern Asia, including Thailand, Lao PDR, and Indonesia (1, 3, 6, 15, 17) . However, this study is the first report on Bartonella infections in rodents and shrews from Cam 1, 3, 6 , 15, 17); these findings were in agreement with our study results. Interestingly, we detected new infected rodent species in several localities, including Niviventer fulvescens and Rattus andamanensis, which were mainly trapped in forest areas, and Mus cookii, which was mainly trapped in agricultural areas.
The overall mean prevalence of Bartonella infection for the three countries was about 11%: Lao PDR, 11.9%; Thailand, 11%; Cambodia, 9.6%. In the present study, the prevalence of Bartonella in Lao PDR was lower than the prevalence reported by Angelakis et al. (2008) . Those authors determined a prevalence of 25.5% for rodents trapped in agricultural lands and urban areas, which are different habitats from those in our study. In Thailand, our prevalence of Bartonella infection was similar to that reported by Castle et al. (6) and Saisongkorh et al. (15) (8.7% and 8.5%, respectively) for rodents trapped in the northern and northeastern parts of Thailand (the same region observed in our study); however, our reported prevalence of Bartonella infection was lower than that reported by Bai et al. (41.1%) (3) for rodents trapped in all regions of Thailand. The prevalence of Bartonella infection in shrews has only been reported in southeastern Asia, but a similar prevalence for S. murinus in Indonesia was reported by Winoto et al. (17) . Interestingly, we found three putative new species in the three countries, based on the criteria of La Scola et al. (9) . However, to eventually confirm whether all three unknown species are new species, further genetic identification by genome sequencing will be required and is ongoing.
In summary, this is the first report on Bartonella species isolated from a large number of rodents and shrews from areas near the Mekong river (Cambodia, Lao PDR, and Thailand) and the first report showing the important species diversity of rodents and shrews in these areas that were infected. The zoonotic Bartonella elizabethae was also found in this study. Rodents and shrews live in a wide range of habitats that are frequented by humans, which warrants further investigations on the transmission ecology of Bartonella in order to improve bartonellosis prevention. Since Bartonella species may be transmitted to humans by ticks, future surveys of Bartonella distributions within ticks in these areas are warranted. Nucleotide sequence accession numbers. The partial gltA and rpoB sequences of these new species (unknowns 1, 2, and 3) have been deposited in GenBank under accession numbers JX087928 to JX087945.
